Abstract: Association studies are the choice approach in the discovery of the genomic basis of complex traits. To carry out such analysis, researchers frequently need to (1) select optimally informative sets of Single Nucleotide Polymorphisms (SNPs) in candidate regions and (2) annotate the results of associations found by means of genome-wide SNP arrays. These are complex tasks, since many criteria have to be considered, including the SNPs' functional properties, technological information and haplotype frequencies in given populations. SYSNPs implements algorithms that allow for efficient and simultaneous consideration of all the relevant criteria to obtain sets of SNPs that properly cover arbitrarily large lists of genes or genomic regions. Complementarily, SYSNPs allows for comprehensive functional annotation of SNPs linked to any given marker SNP. SYSNPs dramatically reduces the effort needed for SNP selection from days of searching various databases to a few minutes using a simple browser.
Introduction
Common phenotypes are usually caused by the interaction of multiple genetic and environmental factors. Very common human diseases, such as cancer, diabetes, cardiovascular or psychiatric diseases, are examples of such complex traits. Association studies have become the most successful approach in the discovery of genetic variants having small effects on complex diseases (Donnelly, 2008; McCarthy et al., 2008) . These studies are based on large numbers of unrelated individuals and focus on searching association among genetic variations and the target phenotype, mostly by comparing a group of affected individuals (cases) with another group of unaffected individuals (controls). The best way to do it would be to fully sequence the genomes of many individuals, but this possibility is still too expensive and, thus, selecting and genotyping sets of markers is a more cost-effective strategy. Currently, the most frequent strategies are candidate-gene approaches and Genome-Wide Association Studies (GWASs). The former consists in selecting a number of genetic variants located in genes or regions that are deemed biologically relevant for the disease or trait under study; the latter strategy focuses in using pre-designed arrays containing hundreds of thousands, or even about a million SNPs distributed all over the genome.
SNPs are the choice markers for studies of association between genotypes and phenotypes because of their distributions along the genome, binary nature and stability. However, owing to the large number of SNPs available in the human genome (see dbSNP (Sherry et al., 2001) ) and the dispersal in several different databases of the information that is relevant to prioritise some SNPs over others, selecting SNPs still demands a great deal of time and manual work. The information to take into account in the SNP selection includes functional properties (such as whether they affect amino acids or transcription factor binding sites), population properties (such as the Minimum Allele Frequency (MAF) in the population under study) and technological scores from the genotyping platforms (SNPs that can be efficiently genotyped using a given technology may present high failure rates in others). In addition, the existing correlations between the variants present in loci that are in physical proximity along a chromosome are key for association studies. These correlations between genetic variants are known as Linkage Disequilibrium (LD), and it implies that, even if the causal variant is not selected for genotyping, if a nearby variant is selected and both are correlated, then the causing allele can be detected in the case-control study. The SNPs chosen as representatives of each group of correlated SNPs are called tag-SNPs and there are several well-known algorithms to select them (Carlson et al., 2004; de Bakker et al., 2005) . In essence, each tag-SNP makes it unnecessary to genotype any SNP that it 'captures' (i.e., any SNP that presents a high enough correlation with the tag-SNP) because they would provide redundant information. Therefore, association studies rely on the selection of good sets of tag-SNPs, which even without being functional themselves provide information about nearby functional variants that may be contributing to a given trait or disease.
We have developed a web-tool, SYSNPs (standing for Select Your SNPs, www.sysnps.org) that allows the user to compile information about all the SNPs in any set of human genes or genome regions of interest and to select some of them by different criteria. After the criteria are established, SYSNPs provides a set of tag-SNPs that fulfil them, as well as all the information about the SNPs that are tagged by the selected tag-SNPs. Therefore, SYSNPs can be used at least with two main objectives. First, in the pre-genotyping phase of a project, SYSNPs helps in selecting optimal sets of tag-SNPs. Among other information, SYSNPs produces a file with a final list of tag-SNPs that is ready to be sent to the genotyping platform. Second, in the post-genotyping part of an association study, once SNPs associated with a trait have been detected, SYSNPs can help in annotating what are the known SNPs that are being tagged by the associated tag-SNPs and that, thus, may be the causal variants underlying the trait. SYSNPs provides a fully annotated list of the SNPs that are tagged by any set of SNPs that are considered of interest, together with a full list of their functional characteristics.
The main advantage of SYSNPs comes from the fact that it saves a large amount of time that would otherwise be devoted to semi-manual work. SYSNPs has already been used in several genotyping projects.
Implementation and results
SYSNPs is implemented as web application that can be accessed by any standard web-browser. SYSNPs has been implemented using PHP, Ajax and SOAP. The database server is a MySQL community server. It is currently installed in a LAMP web server (Linux, Apache, Mysql, Php) running in a SuSE Linux Enterprise Server SO. The use of SYSNPs is intuitive and an extensive help section is provided. In summary, users can proceed in three steps:
• Input and Retrieval of coordinates. The coordinates of the regions of interest in which tag-SNPs will be selected are either directly entered by the user or computed by the web services in SYSNPs from information on genes or Gene Ontology (GO) terms that the user has provided.
• Listing of SNPs. SYSNPs provides a list of known SNPs located within the regions of interest, together with their position and detailed functional information. More specific functional information can be obtained through a direct interface with PupaSuite (Conde et al., 2006) if required by the user.
• SNP selection. The user can decide on a series of criteria according to which tag-SNPs will be selected. These include minimum MAF for tag-SNPs and the functional classes to which tag-SNPs must belong. Moreover, technological information (so far from the Illumina system) can be taken into account. In addition, the user can force SNPs into or out of the final list of tag-SNPs. Finally, the user selects the HapMap 2 population in which tag-SNP calculation will be performed.
After these steps are completed, the system runs the tagger algorithm (de Bakker et al., 2005) to get the sets of tag-SNPs and of captured SNPs. Extensive documentation about how to operate the application is provided in the SYSNPs webpage. The basic input, workflow and output are detailed here.
Input
The most basic input that SYSNPs needs to get started is a list of genome regions of interest, within which tagSNPs need to be selected or within which SNPs that are tagged by a list of target SNPs need to be annotated. This list of genome regions can be entered by the user by direct typing, cutting-and-pasting in the appropriate box or by uploading the appropriate files. These files can contain three different classes of information: 1 a list of pairs of coordinates defining genomic regions; 2 lists of genes for which coordinates are automatically obtained by the system (both gene names or ENSEMBL ids are allowed) and 3 a list of GO terms (Ashburner et al., 2000) .
In the latter case, all the genes annotated with a given GO term are automatically included by the system in a given query. The different kinds of evidence that support GO annotations are classified as evidence codes that can be selected by the user. Thus, from a list of GO terms and considering the evidence codes selected by the user, their annotated genes will be analysed by SYSNPs as if the user had entered a list of genes.
Workflow
SYSNPs has been developed as a web application tool combining a set of web services in its workflow. The different steps of the workflow are detailed in Figure 1 . The data that these web services manage and process are retrieved from a local database, which contains the relevant information from the last releases of HapMap (The-InternationalHapMap-Consortium, 2005) and Ensembl (Hubbard et al., 2009) and from the PupaSuite server (Conde et al., 2006) . In addition, we have created our own database to save all the data generated in each selection process with a unique process_id identifier. The result of all user queries is stored in that database for three weeks after the process has finished and can be retrieved by the user at any time during that period. • GO2genes. Given a list of GO terms or GO ids and the evidence codes that the user wants to consider, the web service provides the list of genes annotated to the entered GO terms through the selected evidence codes.
• PupaSuite2SYSNPs. From a list of SNPs, the web service provides functional information on both non-coding and coding genic regions obtained from PupaSuite. This information includes, for example, whether an SNP is part of a triplex structure or a transcription factor binding site or whether an SNP is affecting the structure of the protein.
• SNPs2GenotypesHapMap. From a list of SNPs and a given HapMap population, it retrieves the genotypes of the SNPs from that population and the relevant information about samples. Those SNPs that do not have genotypes are listed in a separate file.
• Genotypes2tags. From the selected SNPs, genotypes and samples, this web service retrieves the tag-SNPs running the Tagger algorithm (de Bakker et al., 2005) . The user can modify the parameter settings of the Tagger algorithm. For example, an LD threshold can be selected or the maximum number of tag-SNPs that will be obtained can be modified. These two are particularly important parameters, since they allow adaptation to any budgetary requirements.
Output
Depending on the input type (GO terms, genes or regions), different tables summarising the required information (such as the number of SNPs and tag-SNPs) appear in the browser (Figure 2 ). In addition, all the available information is included for each individual SNP, stating also whether it is a tag-SNP, a captured SNP or a non-captured SNP. The reasons for inclusion or exclusion as tag-SNP are also summarised (Figure 3) . The output is downloadable as a zipped file. One of the files included in the zip is just the final list of tag-SNPs, so that it can be sent directly to the desired genotyping platform. 
Discussion
SYSNPs is being successfully used as a service in studies carried out by the CeGen (Spanish National Genotyping institution, for a list of projects, see the tab 'Genotyping Projects' in www.cegen.org). For example, in the context of a standard project scientist had previously selected a list of 102 candidate genes, with the purpose of getting a final list of approximately 750 SNPs for genotyping in a GoldenGate Illumina platform. Some SNPs previously genotyped in another study and others from literature search were forced as tag-SNPs. The manual selection took more than three weeks of full-time work by an experienced person. Running the program we got 1071 tag-SNPs for the complete list in a matter of minutes. Because the number of SNPs for genotyping was exceeded, we reduced the subset by repeating the selection for seven of the genes but excluding this time the SNPs found in intronic regions that are further than 5kb of the edges of an exon. The final result was a set of 753 tag-SNPs, as desired. Furthermore, SYSNPs has been used in other kinds of studies, in which Whole Genome Scans have been carried out detecting significant associations with the phenotypes of interest. The associated SNPs were forced as tag-SNPs in SYSNPs while being as flexible as possible with the rest of selecting criteria. In that way, detailed information about other SNPs in their surrounding regions was obtained minimising the probabilities of missing any correlated SNP that could be the real contributor to the trait.
SYSNPs has been intensively tested to ensure that it produces the same results that a manual search would do, only that much faster. In several trial uses, a manual tag-SNP selection was performed and their results were compared with those obtained with SYSNPs. When imposing the same conditions in the two processes, results were always identical. This kind of comparison is always carried out every time the databases SYSNPs uses are updated to ensure consistency and functionality.
In addition, SYSNPs distinguishes itself from other SNP selection applications, such as Snagger (Edlund et al., 2008) or htSNPer (Ding et al., 2005) in several aspects. For example, relative to the most widely used application, Snagger (Edlund et al., 2008) , SYSNPS provides comprehensive functional options and allows for massive SNPs selection simultaneously in many regions of the genome. In addition, it allows to annotate SNPs tagged by a given set of tag-SNPs. Relative to htSNPer (Ding et al., 2005) , SYSNPs is regularly updated and maintained.
Conclusion
SYSNPs is a user-friendly web-based tool that can help users in both the design of targeted association studies and the analysis of the results of GWASs carried out by means of SNP arrays.
